ABSTRACT: The antifungal activity of spice extracts obtained from caraway seed, garlic and origanum was tested against antifungal activity of Eurotium herbariorum, E. amstelodami, Aspergillus flavus and A. sydowii. Caraway seed extract has been proved to possess the highest inhibitory effect on all investigated mould species. The concentrations of caraway extract, sufficient to inhibite the growth completely were: 0,5% for E. herbariorum, E. amstelodami and A. sydowii, and 1% for A. flavus; of garlic, 1% for Eurotium spp. and 2% for A. sydowii, and of origanum, 1% for E. herbariorum and 2% for E. amstelodami. The results of colonies diameter measuring showed that garlic and origanum extracts have no significant supressing ability on micellar growth of A. flavus, while garlic was more efficient in other test cultures.
INTRODUCTION
Natural antimicrobic agents extracted from plants are very interesting, and their activity was investigated by many researches. In food production, their importance is increasing, as being a possible choice for food protection from microorganisms. In that way, the use of synthetic preservers would decrease ( A r o r a and K a u r, 1999; N i e l s e n and R i o s, 2000; S m i t h -P a lm e r et al. Some kinds of spice herbs, besides their use as flavour ingredients of food, possess antimicrobial properties. Mustard, sage, rosemary, and thyme are outstanding in their expressive antimicrobial activity. Essential oils, e.g. their active components (eugenol, carvacrol, thymol, cinnamaldehyde, allyn, limonene, geraniol, etc.) are the antimicrobial agents of spices (S a v i ã and D a n o n, 1982; M o n t v i l l e and M a t t h e w s, 2005).
Numerous species of moulds cause food deterioration, however, some species are producers of different toxic substances. Aflatoxins (AF) and steri-gmatocystine (ST) are toxic secondary metabolites of some Aspergillus and Eurotium species, which are important contaminants and potential causes of spoilage of intermediate and low-moisture content food (P i t t and H o c k i n g, 1985; G u y e n o t et al., 2003; D i m i ã et al., 2005) .
Antifungal activity of three kinds of spices against toxigenic moulds, E. herbariorum, E. amstelodami and A. sydowii, potential producers of sterigmatocystine and aflatoxigenic A. flavus, was investigated in this work. These moulds are related since aflatoxins and sterigmatocystine have a common precursor in their biosynthesis, and sterigmatocystine can be converted into aflatoxin B1 (K e l l e r et al., 1997; D u r a k o v i ã and D u r a k o v i ã, 2003).
MATERIALS AND METHODS

Isolates of moulds
Moulds including E. herbariorum, E. amstelodami, A. flavus and A. sydowii, isolated from different spices, were used as test microorganisms. The cultures used in this experiment were cultivated on slant Saboraud maltose agar (SMA) for 7 days, at 25°C.
Spices
Extracts of spice herbs: caraway seeds, garlic, and origanum were supplied by "Etol Celje", Slovenija.
Medium
SMA medium was used to follow the growth inhibition of moulds. The medium was poured into 250 ml Erlenmayer flasks and autoclaved at 121°C, for 15 min. After sterilization, 0; 0,07; 0,1; 0,5; 1 and 2% concentrations of spice extracts were added into flasks.
Antifungal investigations
After the addition of spice extracts, equal portions of SMA medium were poured into sterile Petri plates. Each concentration was prepared in triplicate. Inoculation was performed by transfering conidia into the center of agar medium, as a point. Mould growth inhibition was estimated measuring the diameter of colonies every day during the incubation at 25°C, for 7 days.
RESULTS
Inhibitory effect of three kinds of spice extracts on two Eurotium, and two Aspergillus species was investigated. Lower concentration of caraway seed extract (0,07 and 0,1%) affected all four toxigenic moulds, during 7 days of incubation at 25°C ( No inhibitory effect of garlic extract (0,07 and 0,1%) ( Table 2 ) on A. flavus was found. On the contrary, 0,07% of garlic extract insignificantly stimulates the growth of this mould. As shown in Table 2 , 0,1% at garlic extract decreased the growth of E. herbariorum by 41,4%, E. amstelodami by 33,3% and A. sydowii by 10,7%. The concentration of 0,5% was not sufficiently efficient to prevent significantly the growth of the investigated moulds, A. flavus especially. Garlic extract inhibited completely the growth of both Eurotium species in concentration of 1%, insignificantly (32,2%) of A. flavus, and partially (85,7%) of A. sydowii. A. sydowii was completely inhibited at 2% level of garlic extract, but A. flavus was not (42,4%).
Tab. 2 -Antifungal activity of garlic extract on the growth of moulds
Conc. (%)
Micelial growth inhibition (%) Neither Eurotium, nor Aspergillus species showed sensitivity to 0,07% extract of origanum (Table 3) . Also, no inhibition activity against A. sydowii at low concentrations (0,07 and 0,1%) was found, moreover, 0,07% extract even favoured the micellar growth. Origanum extract inhibited completely inhibited the growth of E. herbariorum and E. amstelodami at higher concentrations (1 and 2%), and almost totally (96,4%) the growth of A. sydowii at 2% level. No particular effect was exposed on A. flavus. The effect of caraway seed extract on germination and growth rate of E. herbariorum, E. amstelodami, A. flavus and A. sydowii during seven days of incubation, is presented in Figure 1 , having in mind that caraway expressed the strongest inhibition effect in our experiments. The decrease of growth rate with increased content of caraway in the agar medium was more expressed in E. herbariorum, than in other mould species, both at the beginning and at the end of incubation. The beginning of germination, compared to the control, was delayed for three (0,07%) and six days (0,1%). In all caraway treatments, where E. amstelodami was growing, the rate of colonies spreading was higher, and the germination was inhibited only at concentration of 0,1%, in two days. The observation for A. sydowii growth was similar. At lower levels of caraway extract (0,07 and 0,1%), the growth of A. flavus was the same as in the control. The diameters of colonies differed only in 0,1 cm. Although the beginning of the growth was not affected by 0,07 and 0,1% of caraway, difference in growth rate was observed later. This difference was practically at the same level, till the end of the experiment. In case of 0,5% concentration, the colonies of A. flavus became visible only the fifth day after the inoculation of agar plates.
Sporulation of all moulds decreased with the increase of content of caraway, garlic and origanum extracts. The highest concentrations where growth of moulds was evident, caused greatest changes in appearance of colonies compared to the control.
DISCUSSION
These experiments have shown that caraway seed, garlic and origanum have antifungal activity against the tested toxigenic Eurotium and Aspergillus species. Caraway in concentrations higher than 0,5%, efficiently prevents the growth of moulds. Eurotium spp. exhibited higher sensibility. E. herbariorum was the most sensitive to caraway extract. Garlic extract is also a significant antifungal agent for the same kinds, however, for A. sydowii, hit was not so efficient as a caraway seed extract. The tested organisms were less sensitive to origanum, compared with garlic. Spice extracts had the lowest effect on A. flavus.
Garlic and origanum have some inhibitory effects, however, neither of them is significantly efficient in growth reduction of A. flavus. N e i l s e n and R i o s (2000) investigated some spices and found garlic to be efficient in growth inhibition of Emericella fibuliger, Penicillium commune, P. corylophilum, P. roqueforti and P. solitum, however, the inhibition of A. flavus growth was very poor, similar to origanum. In general, the inhibitory potential of origanum for these species was week, whereas vanilla had no effect at all.
Caraway is the spice which has high inhibitory effect on growth of moulds. This effect can be compared to clove (M a l b r o u k and E l -S h a y e b, 1980). This activity can be attributed to the presence of carvon and limonene, present in caraway seed essential oil in significant quantities (50 to 85%, and 20 to 30%), respectively (S a v i ã and D a n o n, 1982).
It was found that the essential oils of caraway, clove, onion, and garlic may affect preventively the synthesis of sterigmatocystin and aflatoxin (H i - The essential origanum oil is rich in timol and carvakrol, and this spice is a very strong growth inhibitor of A. niger (B a r a t t a et al., 1998) and A. ochraceus, procuder of ochratoxin A (B a s i l i c o and B a s i l i c o, 1999) . Ö z c a n (1998) found that origanum extract, besides thyme and savory (out of 31 tested ones), inhibits completely the growth A. parasiticus, in 2% concentration during incubation at 30°C, for 10 days.
The spice extracts of caraway seed, garlic and origanum, investigated in this work, caused morphological changes besides growth inhibition of colonies, and this points to the possible changes on a cell level. The investigation of cell ultrastructures of A. niger, after exposure to the effect of thyme essential oil, showed damages of cell wall, cellular membrane and organellas (R a s s ol i et al., 2006).
CONCLUSION
Having in mind the obtained results, the investigated spice extracts can be used to limit or prevent the development of harmful moulds in food (preserved, or fresh stored food), as additives, surface prevention, or use in products packed under modified atmosphere. A number of active components of spices and their derivates are being further investigated. Ekstrakti zaåina dobijeni iz kima, belog luka i origana bili su ispitani na antifungalni aktivitet prema Eurotium herbariorum, E. amstelodami, Aspergillus flavus i A. sydowii. Ekstrakt kima imao je najjaåi inhibitorni efekat i to na
